Abstract. In most FEM codes, the isotropic-elastic & transversely anisotropic-elastoplastic model using Hill's yield function has been widely adopted in 3D shell elements (modified to meet the plane-stress condition) and 3D solid elements. However, when the 4-node quadrilateral axisymmetric element is used for 2D sheet metal forming simulation, the above transversely anisotropic model is not available in FEM code LS-DYNA3D. A novel approach for the explicit analysis of transversely anisotropic and axisymmetric sheet metal forming using 6-component Barlat yield function is elaborated in detail in this paper. The related formula and parameters are derived directly. Numerical results obtained using the new model fit well with the Hill solution .
INTRODUCTION
Most sheet forming operations are threedimensional, with no obvious symmetry. General numerical analysis of these operations requires the 3D FEM codes. Section analysis provides a faster and more efficient alternative procedure for analyzing complex part shapes in some cases. In this procedure, a cross section is selected from the tooling along a direction of interest. The problem is then analyzed in two dimensions, assuming plane strain or axisymmetric conditions. Although most sections in sheet forming do not completely satisfy such assumptions, there are still many local sections in a complicated sheet forming process which can be successfully simulated by 2D section analysis. In general, this method can provide a quicker analysis and designers can modify local geometry of tools with experience at preliminary design stages.
The present study attempts to conduct an explicit section analysis of 2D sheet metal forming using the 4-node quadrilateral axisymmetric element [1] . In most FEM codes, the isotropic-elastic, transversely anisotropic-elastoplastic model proposed by Hill [2] has been widely used in 3D shell elements (modified to meet the plane-stress condition) and 3D solid elements. However, the above transversely anisotropic model is not available for simulating 2D sheet metal forming process using the 4-node quadrilateral axisymmetric elements in the commercial FEM code LS-DYNA3D. For tranversely anisotropic material, although Park and Kim have proposed a corresponding yield function for axisymmetric problem [3] , it hasn't been introduced into some FEM codes. In this paper, a novel approach for the explicit analysis of transversely anisotropic and axisymmetric sheet metal forming using 6-component Barlat yield function [4] is proposed and the related parameters are derived directly.
FUNDAMENTAL THEORY Basic Finite Element Equation
The sheet metal forming process can be treated as a dynamic contacting problem. In the forming process, the whole system should satisfy the following finite element equation: 
If a consistent mass matrix is assumed, it is not necessary to solve the united equations since the mass matrix becomes diagonal. The acceleration vector 
Transversely Anisotropic Model
For the axisymmetric problems, Hill's orthotropic yield function can be simplified: 
The Lankford parameter is determined as follows: 
6-component Barlat Model
A more elaborate yield model was proposed by Barlat et al [4] where the yield function is formulated in the following way: 
Therefore, the 6-component Barlat anisotropic yield function can be expressed as: 
Where: 
yy a c aA cC c bB cC a aA bB I In general, the Lankford parameters R in three directions (i.e. 0°, 45°and 90°) should be available when sheet metals are provided. On the other hand, the six material anisotropic coefficients a, b, c, f, g and h are generally not available. In order to use the above-derived model, it is necessary to obtain their quantitative values from the Lankford parameters and the material anisotropic coefficients.
The Lankford parameters R can be described as: The stress status of a body unit in the sheet metal is shown in Fig.1. From Fig.1 it can be obtained that: 
Assuming that the sheet metal material is incompressible, the Lankford parameter can be derived:
According to the related flow criteria, the relation between the arbitrary Lankford parameters R and the yield function can be derived:
Equation (29) can be represented in detail as follows: For transversely anisotropic sheet metal, it's easy to see that: 
NUMERICAL EXAMPLE
The geometry and load data of axisymmetric deep drawing by a cylindrical punch is defined in Fig.2 . The material property of the sheet is the isotropic elastic transversely anisotropic-elastoplastic, whose parameters are listed below: 
CONCLUSIONS
The explicit analysis of transversely anisotropic and axisymmetric sheet metal forming is implemented in LS-DYNA3D using 6-component Barlat yield function. The relative formula and parameters has been derived explicitly. The transversely anisotropic property of sheet metal can be described by the three parameters a, b, and c. Numerical results demonstrated the validity of this approach.
